Background: Implementation of X-ray dental examination is associated with the patient's exposure to ionizing radiation.
inTroducTion
Setting a medical diagnose requires conducting patient examination. One of them is X-Ray diagnostics, that allows to depict the inside structures of the patient body. The method and quality of test performance have a significant impact on further treatment of the sick person and, thus, the prognosis as to their recovery. X-ray examinations are commonly performed in almost all countries of the world. The advantage of this examination (e.g. in traffic accidents) is its easy execution, very fast result and low cost of the test itself. To carry out such investigations, it is necessary to choose the suitable exposure conditions depending on the medical procedure, the patient's physique and the method of registering X-ray image (1) (2) (3) .
The implementation of X-ray examination, regardless of the type, is associated with the patient's exposure to ionizing radiation. X-ray tomography and procedures related to interventional radiology are the most influencing examinations, while dental X-rays are the least (4) . It is worth mentioning that diagnostic X-rays carry the risk of inducing additional cancers. It is estimated that, each year, tens to thousands of patients in countries where radiography is performed suffer from cancer of different organs (5) . The aim of this study was to determine the dose received by patients during dental X-ray examinations and the assessment of the technical condition of medical equipment.
MaTerials and MeThods
Prior to the study, it was necessary to determine the number of X-ray dental units used in the Masovian Province. For this purpose, the reporting form GUS MZ-52 was used, drawn up annually by province state sanitary-epidemiological stations. It was found that, in the region of Mazovia, 1435 intraoral dental X-ray units were used. Subsequently, there was a random selection of medical centers where measurements of the technical condition of the X-ray units were performed along with the measurements of entrance surface doses (ESD) received by patients during examinations.
The measurements were done in accordance with internal procedures elaborated in the Radiation Protection and Radiobiology Department. The procedures were accredited in the Polish Centre for Accreditation in Warsaw -Certificate No AB-509. The scope of research was carried out in accordance with the regulation applicable in this regard, the Ministry of Health (2).
The procedure included the control of proper operation of the high voltage generator, consistency and repeatability of the exposure time, thickness of the half value layer, X-Ray tube output, the size of the total filtration of the beam, the distance between the X-ray focus and the patient's skin and the focal spot size (6) . Each of these parameters was subject to separate assessment and the results indicated that the measured values did not exceed the tolerance limits specified in Annex No. 6 to the said Regulation (2) . The Radiation Protection and Radiobiology Department had been working on the quality control of X-ray units for several years (7) (8) (9) (10) (11) .
The sample size selected for the study was tested for some representativeness of the whole region (12) . It was found that, with probability of 0.95, we can assume that the data collected from 49 dental X-ray units is sufficient to assess their technical condition in the Masovian Province.
The entrance surface dose (ESD) received by patients during routine testing was also measured. For this purpose, the PTW Diados E dosemeter was used. The detector was placed on a phantom simulating the patient's head. The phantom was made of PMMA (polymethyl methacrylate) with a diameter of 16 cm. In each X-ray room, in accordance with the dentist and the medical documentation kept for individual patients, the examination conditions for adults and children were recorded for four medical dental procedures (eye-tooth, foretooth, premolar, molar). Each time the exposure conditions (kV, mAs) selected by the dentist were recorded for each procedure and, subsequently, X-ray examinations were performed. The ESD was recorded with the dosemeter placed on the PMMA phantom.
resulTs
The study included 79 dental X-ray units out of a total number of 1435 units used in the Masovian Province, which is 5.51%. It was found that 69.6% of the tested X-ray units fully meet the criteria set out in the Polish legislation, while 30.4% did not meet some of them. For the X-ray units that do not meet the criteria, the most common issue was their inaccurate exposure time (53%), X-ray output (16%), high voltage inaccuracy (13%), too small thickness of the half value layer with a minimum value of 1.8 mm Al for 60 kV and 2.1 mm Al for 70 kV (9%) and the focal spot size (9%). For some units, more than one technical issues were found (10.1%). The results of the most ascertained abnormalities are presented in Figure 1 .
Assessment of the dental X-ray units Nr 6 757 When evaluating the entrance surface doses (ESD) received by adults and children, the conditions selected by the dentist were recorded for the four most commonly used medical procedures (Table 1) . 474 X-ray exposure conditions were collected, including the selected kV and mAs value (237 exposure conditions for each group: adults and children).
The average value of the high voltage for pediatric dental radiography is 64.8 kV, and for adult patients, depending on the tested tooth, the range is 65.6-66.5 kV. The mAs value does not exceed 4.1 mAs (molar radiography) for children and 10 mAs (molar radiography) for adult patients. The sizes of the entrance surface doses (ESD) received by patients during dental examinations are presented in Table 2 . ESD doses were measured on a PMMA phantom, using the exposure conditions of 474 patients (273 adults, 273 children).
A difference of 10 was discovered on the dose received by patients during dental X-ray examinations. For example, during a radiography of the canine teeth of a child, an ESD dose ranged from 72.8 μGy to 2430 μGy was recorded with an average value of 689.1 μGy. However, the greatest range of measured ESD doses was found during molar radiography of adult patients. The range was from 159.5 μGy to 6113.0 μGy, with an average value of 1520.3 μGy. It is worth mentioning that the highest ESD measured was 4 times higher than the calculated average value of all of the performed procedures.
discussion
The results indicate that the condition of dental X-ray units is not satisfactory because 30.4% of them do not fully meet the criteria set out in the Polish legislation (2) . Analyzing the various parameters of X-ray units, it should be noted that they not only have an choice of exposure parameters, selected by dentists, such as the current time load (mAs) and the high voltage (kV). It is highly recommended to put the required group of doctors under an obligation to attend regular (every five years) training on radiation protection of patients. The completion of the training should be certified by a national exam. The present study also showed cases where the dose reference level of 5 mGy (2) for dental X-ray imaging was exceeded in 9 cases (1.9%). This resulted from both X-ray unit malfunction or an inappropriate selection of exposure parameters by the dentist. Basing on the obtained entrance surface dose (ESD) values received by adults and children, the average effective dose has been estimated considering the appropriate tissue weighting factor (15) . For a child, the average effective dose was 1.1 µSv with a range of 0.1-2.4 µSv and for adults -1.3 µSv with a range of 0.1-6.1 µSv. The values obtained do not differ from those estimated in other European countries including the United Kingdom (average: 3 µSv) and France (average: 5 µSv) (4, 16) . Similarly, in Brazil, the highest value is below 5.2 µSv (17) .
Taking into account the number of intraoral dental examinations (a total of 1 228 610) conducted in the region of Mazovia (18) , it was possible to estimate the annual collective dose to the population of the region of Mazovia (19) . The value is 1.579 Sv/year. The estimated collective dose which comes only from the medical use of ionizing radiation in intraoral dental diagnosis has little contribution to the total collective dose of medical use of ionizing radiation in general medicine. Its value was estimated at the level of 1638.242 Sv/year in the Masovian Province (19) .
impact on the quality of the obtained X-ray image but also on the dose the patient receives during the examination. Incompatibility of the exposure time set to the actual value leads to an increase of the received dose if the test is too long and directly affects the quality of the X-ray image (the image is not very clear due to the high density of the film). Too short exposure time may lead to a necessity to repeat the test and, as a consequence, to re-exposure the patient to ionizing radiation.
Moreover, long-term or improper use of the X-ray tube causes the expansion of the focal spot size and, thus, affects the contrast and resolution of the X-ray image. This results in low quality of the X-ray image which makes the correct diagnosis and medical treatment even more difficult. On the other hand, it is observed that the condition of X-ray units has been systematically improved. This is achieved mainly due to the replacement of the old equipment with modern designs. The continuous replacement of X-ray units improves the quality of X-ray images.
The method of image recording has also changed. Dental medical centers resign from the use of analog X-ray film to the advantage of digital recording. This is also a positive change for patients, as correct performing examinations with digital recording should result in a dose which is about two times lower than in the case of procedures where the analog X-ray film is used (13, 14) . The reduction in doses results from lower set-up exposure conditions, in particular its duration. The distribution of the measured doses found in this study cannot be solely attributed to the difference in the anatomy of the patient or the image recording method. It seems that there are other important factors, like the technical condition of the X-ray unit and also the Abbreviations as in Table 1 .
